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CDF recently reported an anomaly in the rrijj distribution of dijet events produced in association 
with a W boson. A single u — t ~V flavor changing coupling can contribute to the anomaly 
while being consistent with other resonance searches. Furthermore, it gives a potential explanation 
of the observed forward-backward asymmetry in top quark production. 



INTRODUCTION 

The CDF collaboration recently released an analysis of 
the rrijj spectrum in a sample of l^rjj events [lj. The 
spectrum displays the expected rrijj peak at the W/Z 
mass, but also has a feature near 150 GeV, the signif- 
icance of which is estimated to be roughly 3c Addi- 
tionally, the CDF collaboration recently reported on the 
asymmetry in top quark production A FB [l, H[ . Focus- 
ing on the high-energy region where new physics effects 
might be expected to be most obvious, CDF measured 
Ap~ B = 0.475± 0.114 where A^ B is the asymmetry of top 
production in the ti rest frame restricted to m t j > 450 
GeV. For comparison, the Standard Model(SM) predicts 
A+ B = 0.088 ±0.013 This measurement follows in- 
clusive measurements of the forward-backward asymme- 
try which have also consistently yielded large val- 
ues. 

Previous work on the asymmetry posited an explana- 
tion for the top quark asymmetry in terms of a new fla- 
vor changing boson with mass in the 150-160 GeV range 
0, HI- Given the coincidence of mass scales, it is natural 
to speculate on a common origin for these anomalies (see 
also [9|, |l0(). Attempts to address the anomaly with a 
flavor-conserving hadronic Z' include refs. fil. fllT - flli ] . 

Here we examine the possibility that these anomalies 
are indeed related. In particular, we investigate whether 
the same particle and same coupling can be responsible 
for both signals. As in refs. 0, S], the A FB result is 
explained by a u — t — V coupling, with V a new vector 
boson. We demonstrate that this coupling unavoidably 
contributes to the m,-, excess. 



NEW FLAVOR CONSERVING GAUGE BOSONS 
AND DIJET CONSTRAINTS 

One might think that any vector boson with mass near 
150 GeV and appreciable couplings to the SM would al- 
ready be excluded. However, as recently reviewed in Q, 
there is room for a light flavor-conserving Z 1 that couples 
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FIG. 1: Bounds in the {M z i , flz,} plane arising from dijet 
resonances at UA2 [lH. Point X is discussed in the text. 



exclusively hadronically. In fact, the strongest published 
bounds on a Z' in this mass range are from the UA2 ex- 
periment 14j, llfj| | . The reason is that the gluon parton 



distribution function rises sharply at low Bjorken-x, re- 
sulting in an insurmountable QCD dijet background at 
the Tevatron. 

We assume that the Z 1 has coupling to left-handed 
quarks and vanishing coupling to right-handed quarks 
41]. This choice should maximize the WZ' — > Wjj sig- 
nal while minimizing other signals of the resonance. In 
Fig. [T] we show bounds from the UA2 experiment, and 
mark a point X. This point has a mass that could ex- 
plain the rrijj anomaly and has the maximum coupling 
allowed consistent with UA2 bounds. Such a model pro- 
duces an excess of about 160 events in a mass peak with 
4.3 fb _1 , to be compared with the excess of 256 ± 57 
events observed at CDF [l[. 

We also made an attempt to extract a bound on a 
flavor-conserving Z' from the rrijj spectrum in jjj events 
(see [UGll 

in an earlier context, and also [18j, where in 
was also noted that the Zjj final state is likely a less 
sensitive probe). Extant Tevatron data does not appear 
to be sensitive to the 7 + dijet search discussed above 
0. 



2 





M w ,(GeV) 


M z /(GeV) 


ax 


cos 9 


Model A: 


160 


80 


0.048 


0.99 


Model B: 


160 


80 


0.057 


0.995 



TABLE I: Benchmark points to be explored below. 



A FLAVOR CHANGING GAUGE BOSON 

Given the potential constraints from the dijet searches, 
it is natural to consider a flavor changing explanation. 
Such models would naively be unconstrained by reso- 
nance searches (see refs. 19-23] for other approaches). 
In previous work @,H[, we pointed out the possibility that 
a gauge boson with flavor-changing u — t — V coupling 
could explain the A FB asymmetry via the t-channel ex- 
change of V. The best point of the original Abelian model 
of ref. Q predicted My ^160 GeV which coincides with 
the region where the dijet excess is observed. In general, 
the non-Abelian model of ref. [8j can give very similar 
phenomenology, but does not give rise to a potentially 
dangerous same-sign top signal, and we use the frame- 
work of this second model for our study in this paper. 
We comment on the Abelian model as well as alternative 
possibilities at the end of the section. 

The model is described by following fermion interac- 
tion Lagrangian [|| 



C 



^W'-{t Rl H R {-cs) + u Rl »u R {cs) 

+ i R Yu R (c 2 ) + u R ^t R (~s 2 )} + h.c. 
'„{ i R -rH R (c 2 - s 2 ) + u R ^u R {s 2 - c 2 ) 
+ t R ^u R (2cs) + u Rl ^t R (2cs)} (1) 
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where c = cos 9 and s = sin 8. The W' is the gauge boson 
that is responsible for a large A FB as well as dijet reso- 



nance associated with the W boson [43(. The hadronic 
Z' is also present, but its phenomenology is irrelevant 
for either anomaly discussed here. If the 9 becomes too 
large, dangerously large same-sign top quark production 
will re-emerge. 

We present two benchmark points of the model in Ta- 
ble |TJ We emphasize this model was presented in an at- 
tempt to explain A FB . Note, the choice of cos6> ^ 1 
combined with the relevant kinematics Mw> < Mt allow 
most of W's to decay to uu. The Z' is light but not 
constrained by prior experiment [8j. 

These two benchmark points are capable of producing 
a large A FB while satisfying other bounds on top quark 
production. Following the analysis procedure presented 
in ref. Q , we obtain the results shown in Table [HI which 
are consistent with current measurements. Notably, "fak- 
ing events" arising from gu — > tW' contribute to the mea- 
sured top quark a{tt)ij production cross section, making 





it 

A FB 


ff(iE)tj 


a(tt) u 


CDF [4, 25-27] 


0.158 ±0.074 


7.22 ± 0.79 pb 


7.25 ± 0.92 pb 


Model A 


0.25 


6.9 pb 


5.8 pb 


Model B 


0.34 


7.6 pb 


6.4 pb 



TABLE II: Top production asymmetry, A% B (rest frame) and 
apparent top quark production cross sections for points A, B 
at the Tevatron in the a(tt)tj and a(tt)u channels. Appar- 
ent top pair cross sections in the semi-leptonic (<y{tt)ij) and 
dileptonic (a(ti)u) are obtained by applying CDF selection 
cuts [251-27] and by including other faking contributions. At 
CDF, a measurement of A F a = 0.42 ± 0.16 was also recently 
made in the dilepton mode [3J. 



the model fit better with the data. The quoted values 
of the asymmetry are rest frame parton-level results. In 
principle these values could be compared with the CDF 
"unfolded" values of A FB = 0.158±0.074 and 0.42±0.16 
quoted in the table. However, as discussed in [8j (see 
also [24|), acceptances for these t-channel models differ 
dramatically from the SM, and somewhat smaller val- 
ues than those quoted in the table would actually be 
measured. We can also compare predictions for asym- 
metries in Model A and B as a function of s. We pre- 
dict A+ B = 0.42 (A), 0.53 (B), to be compared with 
0.475 ±0.114 (CDF), and A FB = 0.08(A), 0.135(B), to 
be compared with -0.116 ± 0.153 (CDF) f|. Here A FB 
{A FB ) corresponds to the observed asymmetry in events 
with y/I > 450 GeV (< 450 GeV). While minor ten- 
sion exists with the asymmetry measurement at the low 
s, on the whole predictions appear consistent with the 
measured values. 

Finally, we come to the prediction for the excess of 
the rrijj spectrum in IJStJJ final states measured at 
CDF [l| . The dominant contribution in our model comes 
from gu — > tW — > bWW which also contributes to the 
measured ti cross sections. There are smaller but sig- 
nificant contributions from bottom quark initiated pro- 
cesses (including gluon splitting g — > bb) gu — > bWW 
and bu — > WW. These latter two processes require 
a mass insertion because the W couples only to left- 
handed fermions, while the W couples only to right- 
handed fermions. Fortunately, the mass insertion occurs 
on a top quark line, so there is no real suppression due 
to the large top quark mass. 

The extra 6-jet in the final states is missed some frac- 
tion of the time, leading to a signature that contributes to 
the anomaly. On the other hand, there is a combinatoric 
background from incorrectly pairing the 6-jet with one of 
the jets from the W decay. This makes the resonance 
somewhat broader, and slightly non-Gaussian, which is 
an alternate consistent interpretation of the data. To 
simulate the rrijj spectrum for our model, we use Mad- 



Graph [28] and smear jet momenta with a Gaussian func- 
tion of width a = © 0.05£r with E T in GeV (see 
Table 9.2 in ref. We apply a if-factor of 1.03 for 
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this exclusive two-jet final state - this number accounts 
for a NLO correction that partially cancels in the pres- 
ence of a jet veto [3(J 31 1. We normalize our WW/WZ 



sample to CDF expected sample, and apply the same 
normalization factor to the signal sample. We find that 
Model A (B) gives an excess of 95 (110) events in the 
window 110 GeV < rrijj < 180 GeV, to be compared 
with an experimentally observed excess of roughly 250 
events in the same window. Although our model points 
come up short upon first inspection, there are potentially 
large sources of uncertainty in the comparison of the pre- 
dicted events with respect to the reported excess due to 
statistical fluctuations or even due to a few percent error 
on dijet energy resolution [32| . 

An Abelian model of Z' — u — t coupling can also be 
proposed to account for the excess. As mentioned ear- 
lier, the phenomenology of Model point A is essentially 
identical to the best point considered in [7[. A factor of 
2 difference in ax between the Abelian best point and 
Model A is simply due to 1/ -\/2 factor of W' interaction 
in Eq. [TJ In contrast, Model B cannot be realized in the 
Abelian model due to constraints from same-sign dilep- 
ton events @, Ei] . 

Alternatively, we consider a non-Abelian model with 
W' — d — t coupling, which has also been consid- 
ered in hopes of explaining the top asymmetry [3HI — 
[38| (see also [3^]). By considering both ti and dijet 
measurements, the parameters of {Mw , Mz> , ax } = 
160 GeV, 80 GeV, 0.076 with a small assumed flavor- 
diagonal coupling induced by CKM-like mixing can pro- 
duce a(tt) — 8.1 pb, Ap B = 0.15 and about 95 dijet ex- 
cess events. This constitutes a sizable and tantalizing 
contribution to the anomaly, but it does not fully explain 
the excess. 



CONCLUSIONS 

It is interesting that a model proposed to explain A l FB 
necessarily gives rise to a resonance near where CDF is 
declaring an observed excess, and for that reason it is im- 
portant to investigate fully what the predictions are. If 
this model approach is correct, a robust prediction is in- 
creased single top production from gu — > tW' that should 
and anyway will be pursued by the Tevatron and the LHC 
experiments. It should be emphasized that our model 
does not predict the rrijj excess as reported, but there are 
relevant uncertainties in making the comparison between 
new physics theory and the SM-subtracted measurement. 
For our model to be the correct explanation, we must re- 
gard the current observation as an upward fluctuation, 
or alternately, there must be a systematic effect giving 
rise to part of the observed excess, such as a small offset 
to the jet energy scale determination. 
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